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Abstract A cross-sectional study was undertaken during
2012-2013 to determine the prevalence, strains and factors
associated with rotavirus infection among under-5-year-old
children hospitalized with acute diarrhea in Uganda.
Rotaviruses were detected in 37 % (263/712) of the chil-
dren. The most prevalent strains were G9P[8] (27 %,
55/204) and G12P[4] (18.6 %, 38/204). Mixed infections
were detected in 22.5 % (46/204) of the children. The
study suggests that consumption of raw vegeta-
bles (OR = 1.45, 95 % CI = 1.03-2.03) and family own-
ership of dogs (OR = 1.9, 95 % CI = 1.04-3.75) increases
the risk of rotavirus infection. The study findings will be
used to assess the impact of RV vaccination in Uganda.
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Diarrhea is a major cause of mortality in children under 5
years of age in developing countries, contributing up to
21 % of deaths [1]. Rotavirus (RV) is the main cause of
diarrhea in children worldwide [2, 3]. Globally, RV causes
more than 450,000 deaths annually in children below five
years, with 80 % of deaths occurring in sub-Saharan Africa
and South Asia [4].
RVs are classified into eight major groups (A-H) [5].
Group A RVs cause most infections seen in young chil-
dren. Globally, G1, G2, G3, G4, G9 and G12 in combi-
nation with P[8] or P[4] constitute 88 % of the circulating
strains [6]. In Africa, other G/P type combinations such as
G8P[6], G8P[8] and G12P[6] are prevalent [7]. The great
diversity of RV strains in developing countries is believed
to originate from interspecies transmission in societies
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RV diarrhea causes severe dehydration, leading to high
mortality in developing countries [4]. It is common in
children attending day care, and living in households or
neighborhoods with children suffering from diarrhea is a
known risk factor [9–11], suggesting that RV is mainly
spread via person-to-person transmission.
In countries where RV vaccination has been introduced,
a decrease in RV-associated morbidity and mortality has
been observed [12]. However, the efficacy of the two
currently licensed live attenuated vaccines is lower in
developing than in developed countries [13]. Whereas this
reduced vaccine efficacy has been attributed to the wide
diversity of circulating RV strains in developing countries,
genomic studies have not consistently supported this
hypothesis [14].
In Uganda, diarrhea is among the top four causes of
morbidity in infants and young children [15], and RV is
responsible for 33 % to 45 % of diarrhea cases [16]. In
anticipation of the introduction of routine RV vaccination
in Uganda, this study was undertaken to collect baseline
data on RV infections in children hospitalized with acute
diarrhea and on RV transmission in households. The study
findings will be used to assess the impact of RV vaccina-
tion on rotavirus-associated disease burden and RV strain
distribution in Uganda.
From September 2012 to September 2013, a cross-sec-
tional study was carried out in which stool samples and
venous blood were collected from 712 children (2-
59 months) hospitalized with acute diarrhea in four hos-
pitals in central Uganda. Acute diarrhea was defined as
three or more watery stools in 24 hours and having started
less than 14 days before admission. Children with bloody
diarrhea were excluded from the study. Stool samples were
also taken from 254 household contacts who were either
mothers or caregivers (65.7 %, 167/254) and female
(78.7 %, 200/254). Among the household contacts, 10/254
(3.9 %) had diarrhea in the three weeks prior to recruit-
ment. Stool samples were also collected from 40 domestic
animals (18 goats, 11 pigs, 7 dogs and 4 cattle) with and
without diarrhea symptoms, although only one animal
(2.5 %) had diarrhea in the two weeks prior to recruitment.
The household contacts and animals were recruited from
the homes of the children that tested RV positive. A
structured questionnaire was used to collect demographic,
clinical and socio-economic data of the patient, including
feeding habits (whether breastfeeding or not, consuming
milk of animal origin, eating raw vegetables or fruits in the
week prior to admission, drinking water source), hand
hygiene, attendance of daycare centers or kindergartens
and contact with animals.
Stool samples from symptomatic children and from
household animals were examined for RV using ELISA
(ProSpecT, Oxoid Ltd, Hampshire, UK), following the
manufacturer’s instructions, at the microbiology laborato-
ries of Mulago and Masaka hospitals or the Uganda Virus
Research Institute (UVRI). Molecular assay detection and
typing assays were carried out at the Expanded Program for
Immunization (EPI) Laboratory of UVRI.
RV RNA was extracted and transcribed to cDNA using
previously described methods [17, 18]. A sensitive NSP3
specific real-time RT-PCR [19] was used to enable detec-
tion of low RV loads associated with asymptomatic shed-
ding in household contacts. RV-positive stool samples
were G- and P-genotyped using a nested RT-PCR as
described previously [18, 20–22].
Malaria parasites were screened for on Giemsa-stained
blood smears. Screening for HIV infection was done using
an antibody test (Alere DetermineTM HIV 1/2 test). Chil-
dren below 18 months of age who tested positive on the
Alere DetermineTM HIV 1/2 test were also tested by HIV
PCR test [23].
Data were analyzed using STATA 12.1 (StataCorp LP,
USA). Logistic regression models were used to assess bi-
variate associations between the dependent variable (RV
status) and the independent variables. Factors with a
p-value of B0.1 in the bivariate analysis and factors of
biological plausibility were included in the multi-variable
analysis, adjusting for age. All factors with a two-sided p-
value of B0.05 were considered statistically significant and
were included in the final model.
The study was approved by the Research and Ethics
Committees of School of Medicine, College of Health
Sciences, Makerere University; Uganda Virus Research
Institute; Mulago National Referral Hospital; St. Francis
Hospital Nsambya; and Uganda National Council of Sci-
ence and Technology.
Demographic characteristics of the sample are given in
Table 1. RV was detected in 263 (37 %) of the 712 hos-
pitalized children. However, these results may represent
the more-severe spectrum of the disease. The RV results
were similar to what has been reported in other countries
that have not yet introduced routine RV vaccination. RV
diarrhea cases presented all year round with no clear sea-
sonal variation. This was unlike what has been observed
elsewhere [24, 25], probably due to the location of Uganda
on the equator.
Two hundred fifty-four (94.5 %) of the RV-positive
children were B24 months old. Six hundred seventy-three
children (94.5 %) had severe illness as determined by a
Vesikari score C11, and among these, 36.7 % (247/673)
were RV positive. There was no statistical difference
(p = 0.586) between the Vesikari scores in RV-positive
and RV-negative children. Most RV-positive cases were
associated with hospitalization lasting B5 days
(p = 0.001), but there were no deaths or referrals recorded
among children admitted with RV diarrhea. HIV infection
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was detected in 4.9 % (34/692) of the children, of which
7/34 (20.6 %) had RV diarrhea. HIV-positive children
were less likely to have RV diarrhea (p = 0.042). A pre-
vious study in Uganda found no association between HIV
and RV diarrhea [16]. Malaria parasites were detected in
4.7 % (33/706) of the children, of which 9/33 (27.3 %) had
RV diarrhea. Generally, the small number of children with
RV diarrhea who had the risk factors may have affected the
observations of the association between the risk factors and
RV diarrhea (Table 1).
In the multi-variable analysis the factor that was asso-
ciated with RV diarrhea was consumption of raw vegeta-
bles in the week prior to recruitment (OR = 1.45; 95 % CI:
1.03-2.03, p = 0.032). Although RV transmission is pri-
marily from person to person, it is likely that fecal con-
tamination of fresh produce may have played an important
role in transmitting the virus [26]. This route of transmis-
sion is compatible with the greater strain diversity observed
in low-income countries and also with the high proportions
of co-infections with multiple RV strains, which also
facilitate the emergence of reassortant strains. Analysis of
foods consumed raw for the presence of RV and other
markers of fecal contamination would be required in order
to fully evaluate the role of foodborne transmission on
rotavirus-associated diarrhea.
Although children from families owning dogs were
apparently twice as likely as those not owning dogs to have
RV diarrhea (OR = 1.98; 95 % CI: 1.04-3.75, p = 0.037),
none of the examined animal stool samples were positive
for RV. Molecular studies are thus needed to determine the
role of zoonotic transmission of RV in this setting.
RV diarrhea was also less likely to be found in children
whose age was[24 months (OR = 0.48; 95 % CI: 0.19 -
0.99, p = 0.049) and those who were hospitalized for more
than 5 days (OR = 0.46; 95 % CI: 0.28 - 0.75, p = 0.002).
Out of the 263 RV-positive human samples, 204
(77.6 %) yielded genotyping results. The most prevalent
RV genotypes in the hospitalized children were G9P[8]
(27.0 %, 55/204) and G12P[4] (18.6 %, 38/204) (Table 2).
Although G9P[8] has continued to be among the most
prevalent genotype circulating in Uganda over the years,
G12P[4] strains, which had not previously been reported in
Uganda [7, 27], were found at a high frequency. G12 RVs,
which were first detected in 1987, have recently spread
worldwide [28]. Although G12 RVs have been detected
primarily in association with P[6] and P[8] types in
humans, their origin remains unclear. G12 RVs have been
reported sporadically in pigs, but sequence analysis has
shown that human and porcine G12 strains belong to dif-
ferent genetic clusters [29]. Mixtures of RV genotypes
were highly prevalent. A total of 46/204 (22.5 %) samples
contained mixtures of different RV strains. They contained
mostly the same G- or P-types identified in single-strain
infections. They had one G-type with two or more P-types
(17.4 %, 8/46), two G-types with one P-type (71.7 %,
33/46), or two or more G- and P-types (10.9 %, 5/46). A
total of 22/204 (10.8 %) samples were partially typed, and
2/204 (1 %) failed to be genotyped (Table 2). Unusual
genotypes that may suggest an animal origin, such as G10
or P[10], were only detected among mixed infections.
Table 1 Socio-demographic characteristics of under-five-year-old









Age of child (months)
B6 139 45 (32.4) 0.133
6.1-12 345 136 (39.4)
12.1-24 189 73 (38.6)
Above 24 39 9 (23.1)
Sex
Male 421 159 (37.8) 0.581
Female 291 104 (35.7)
Vesikari score
Moderate (7-10) 39 16 (41) 0.586
Severe (C11) 673 247 (36.7)
HIV infection**
Negative 658 249 (37.8) 0.042
Positive 34 7 (20.6)
Malaria infection**
Negative 673 252 (37.4) 0.237
Positive 33 9 (27.3)
Ate raw vegetables in past week**
No 434 149 (34.3) 0.080
Yes 269 110 (40.9)
Caretaker washes hands with soap after toilet**
No 39 20 (51.3)) 0.062
Yes 629 229 (36.4)
Treatment of patient’s drinking water
Yes 687 252 (36.7) 0.811***
No 12 4 (33.3)
Animals drinking from patient’s water source**
No 650 238 (36.6) 0.817
Yes 47 18 (38.3)
Patient’s family owns dog(s)
No 666 240 (36.0) 0.058
Yes 46 23 (50)
Patient’s family owns animals
Yes 122 52 (42.6) 0.153
No 590 211 (35.8)
** The number of respondents for this variable was less than 712
*** Fisher’s exact p-value
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Although such mixed infections could provide conditions
for the emergence of animal-human reassortant strains, no
reassortants containing either of these two genotypes were
detected.
All household contacts and animal stool samples tested
negative for RV. However, the number of animals tested
was small, and a study with more animals is required to
further study the association of RV diarrhea in children
with family ownership of dogs.
Nevertheless, this study showed that RV infection is
common in under-five-year-old children hospitalized with
acute diarrhea in central Uganda, and the most frequently
identified RV strains were G9P[8] and G12P[4].
Routine RV vaccination and improved food hygiene are
urgently needed. After the introduction of RV vaccination,
continued surveillance to monitor its impact on the
prevalence and molecular epidemiology of RV strains as
well as on foodborne transmission is recommended.
Acknowledgments We thank the patients and their caretakers who
allowed them to participate in this study. We thank the research
assistants and data clerks who worked on this study. We appreciate
Fred Kironde for providing guidance on writing the first draft of the
manuscript. We thank Frederick Baliraine for reviewing and editing
the manuscript.
Compliance with ethical standards
Funding This research was funded by Training Health Researchers
into Vocational Excellence in East Africa (THRiVE), Wellcome Trust
grant no. 087540, and the Cambridge Alborado Research fund. The
writing of the manuscript was supported with funds from Medical
Education for Equitable Services to All Ugandans a Medical
Education Partnership Initiative grant number 5R24TW008886 from
the Office of Global AIDS Coordinator and the U. S. Department of
Health and Human Services, Health Resources and Services
Administration and National Institutes of Health.
Conflict of interest All authors have no conflict of interest in this
work except Prof. Miren Iturriza-Gomara, who declares receipt of
support for other research work from GSK and SPMSD.
Open Access This article is distributed under the terms of the
Creative Commons Attribution 4.0 International License (http://crea
tivecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided you give
appropriate credit to the original author(s) and the source, provide a
link to the Creative Commons license, and indicate if changes were
made.
References
1. Liu L, Oza S, Hogan D, Perin J, Rudan I, Lawn JE, Cousens S,
Mathers C, Black RE (2015) Global, regional, and national
causes of child mortality in 2000–13, with projections to inform
post-2015 priorities: an updated systematic analysis. Lancet
385(9966):430–440
2. Rotavirus vaccines (2013) WHO position paper—January 2013.
Releve epidemiologique hebdomadaire/Section d’hygiene du
Secretariat de la Societe des Nations = Wkly Epidemiol Rec/
Health Section of the Secretariat of the League of Nations
88(5):49–64
3. Kotloff KL, Nataro JP, Blackwelder WC, Nasrin D, Farag TH,
Panchalingam S, Wu Y, Sow SO, Sur D, Breiman RF et al (2013)
Burden and aetiology of diarrhoeal disease in infants and young
children in developing countries (the Global Enteric Multicenter
Study, GEMS): a prospective, case–control study. Lancet
382(9888):209–222











P[8] 55 11 4 3 1 2 1 77 (37.7)
P[4] 4 38 2 1 2 47 (23)
P[6] 8 3 17 13 1 1 43 (21)
P[4, 8] 3 1 1 1 6 (3)
P[8, 10] 2 2 (1)
P[4, 8, 10] 2 2 (1)
P[4, 6] 1 1 (0.5)
P[6, 8] 1 1 (0.5)







18 2 20 (9.8)
Total (%) 72 (35.2) 55 (26.9) 24 (11.8) 14 (6.9) 7 (3.4) 3 (1.5) 2 (1) 1 (0.5) 1 (0.5) 1 (0.5) 18 (8.8) 6 (3) 204 (100)
1002 J. Bwogi et al.
123
4. Tate JE, Burton AH, Boschi-Pinto C, Steele AD, Duque J,
Parashar UD (2012) 2008 estimate of worldwide rotavirus-asso-
ciated mortality in children younger than 5 years before the
introduction of universal rotavirus vaccination programmes: a
systematic review and meta-analysis. Lancet Infect Dis
12(2):136–141
5. Matthijnssens J, Otto PH, Ciarlet M, Desselberger U, Van Ranst
M, Johne R (2012) VP6-sequence-based cutoff values as a cri-
terion for rotavirus species demarcation. Arch Virol
157(6):1177–1182
6. Santos N, Hoshino Y (2005) Global distribution of rotavirus
serotypes/genotypes and its implication for the development and
implementation of an effective rotavirus vaccine. Rev Med Virol
15(1):29–56
7. Mwenda JM, Ntoto KM, Abebe A, Enweronu-Laryea C, Amina I,
McHomvu J, Kisakye A, Mpabalwani EM, Pazvakavambwa I,
Armah GE et al (2010) Burden and epidemiology of rotavirus
diarrhea in selected African countries: preliminary results from
the African Rotavirus Surveillance Network. J Infect Dis
2012(Suppl):S5–s11
8. Heylen E, Batoko Likele B, Zeller M, Stevens S, De Coster S,
Conceicao-Neto N, Van Geet C, Jacobs J, Ngbonda D, Van Ranst
M et al (2014) Rotavirus surveillance in Kisangani, the Demo-
cratic Republic of the Congo, reveals a high number of unusual
genotypes and gene segments of animal origin in non-vaccinated
symptomatic children. PLoS One 9(6):e100953
9. Temu A, Kamugisha E, Mwizamholya DL, Hokororo A, Seni J,
Mshana SE (2012) Prevalence and factors associated with Group
A rotavirus infection among children with acute diarrhea in
Mwanza, Tanzania. J Infect Dev Ctries 6(6):508–515
10. Mansour AM, Mohammady HE, Shabrawi ME, Shabaan SY,
Zekri MA, Nassar M, Salem ME, Mostafa M, Riddle MS, Klena
JD et al (2013) Modifiable diarrhoea risk factors in Egyptian
children aged\5 years. Epidemiol Infect 141(12):2547–2559
11. Wilking H, Hohle M, Velasco E, Suckau M, Eckmanns T (2012)
Ecological analysis of social risk factors for Rotavirus infections
in Berlin, Germany, 2007–2009. Int J Health Geogr 11:37
12. Enweronu-Laryea CC, Boamah I, Sifah E, Diamenu SK, Armah
G (2014) Decline in severe diarrhea hospitalizations after the
introduction of rotavirus vaccination in Ghana: a prevalence
study. BMC Infect Dis 14:431
13. Fischer Walker CL, Black RE (2011) Rotavirus vaccine and
diarrhea mortality: quantifying regional variation in effect size.
BMC Public Health 11(Suppl 3):S16
14. Tenth International Rotavirus Symposium 19–21 September
2012. Proceedings. http://www.Sabin.org
15. Uganda MoH (2010) Ministry of Health Statitical Abstract 2010
16. Nakawesi JS, Wobudeya E, Ndeezi G, Mworozi EA, Tumwine
JK (2010) Prevalence and factors associated with rotavirus
infection among children admitted with acute diarrhea in Uganda.
BMC Pediatr 10:69
17. Boom R, Sol CJ, Salimans MM, Jansen CL, Wertheim-van Dillen
PM, van der Noordaa J (1990) Rapid and simple method for
purification of nucleic acids. J Clin Microbiol 28(3):495–503
18. Aladin F, Nawaz S, Iturriza-Gomara M, Gray J (2010) Identifi-
cation of G8 rotavirus strains determined as G12 by rotavirus
genotyping PCR: updating the current genotyping methods.
J Clin Virol 47(4):340–344
19. Freeman MM, Kerin T, Hull J, McCaustland K, Gentsch J (2008)
Enhancement of detection and quantification of rotavirus in stool
using a modified real-time RT-PCR assay. J Med Virol
80(8):1489–1496
20. Gentsch JR, Glass RI, Woods P, Gouvea V, Gorziglia M, Flores
J, Das BK, Bhan MK (1992) Identification of group A rotavirus
gene 4 types by polymerase chain reaction. J Clin Microbiol
30(6):1365–1373
21. Iturriza-Gomara M, Green J, Brown DW, Desselberger U, Gray
JJ (2000) Diversity within the VP4 gene of rotavirus P[8] strains:
implications for reverse transcription-PCR genotyping. J Clin
Microbiol 38(2):898–901
22. Iturriza-Gomara M, Kang G, Gray J (2004) Rotavirus genotyp-
ing: keeping up with an evolving population of human rota-
viruses. J Clin Virol 31(4):259–265
23. Uganda MoH (2003) Uganda National Policy Guidelines for HIV
counselling and testing. Ministry of Health, Kampala
24. Iturriza-Gomara M, Dallman T, Banyai K, Bottiger B, Buesa J,
Diedrich S, Fiore L, Johansen K, Koopmans M, Korsun N et al
(2011) Rotavirus genotypes co-circulating in Europe between
2006 and 2009 as determined by EuroRotaNet, a pan-European
collaborative strain surveillance network. Epidemiol Infect
139(6):895–909
25. Jagai JS, Sarkar R, Castronovo D, Kattula D, McEntee J, Ward H,
Kang G, Naumova EN (2012) Seasonality of rotavirus in South
Asia: a meta-analysis approach assessing associations with tem-
perature, precipitation, and vegetation index. PLoS One
7(5):e38168
26. van Zyl WB, Page NA, Grabow WO, Steele AD, Taylor MB
(2006) Molecular epidemiology of group A rotaviruses in water
sources and selected raw vegetables in southern Africa. App
Environ Microbiol 72(7):4554–4560
27. Odiit A, Mulindwa A, Nalumansi E, Mphahlele MJ, Seheri LM,
Mwenda JM, Kisakye A (2014) Rotavirus prevalence and geno-
types among children younger than 5 years with acute diarrhea at
Mulago National Referral Hospital, Kampala, Uganda. Pediatr
Infect Dis J 33(Suppl 1):S41–S44
28. Rahman M, Matthijnssens J, Yang X, Delbeke T, Arijs I, Tani-
guchi K, Iturriza-Gomara M, Iftekharuddin N, Azim T, Van
Ranst M (2007) Evolutionary history and global spread of the
emerging g12 human rotaviruses. J Virol 81(5):2382–2390
29. Ghosh S, Varghese V, Samajdar S, Bhattacharya SK, Kobayashi
N, Naik TN (2006) Molecular characterization of a porcine
Group A rotavirus strain with G12 genotype specificity. Arch
Virol 151(7):1329–1344
Rotavirus infections in Uganda 1003
123
